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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
A NON.PROVISION AL APPLICATION 
FOR 

CO-ADMINISTRATION OF A POLYSACCHARIDE WITH A 
CHEMOTHER APEUTIC AGENT FOR THE TREATMENT OF CANCER 

FIELD OF THE INVENTION 

[0001] The present invention relates to compositions and methods for treating disease. 
Specifically, the instant invention relates to compositions comprising a polysaccharide and 
pharmaceutical agent, wherein the polysaccharide lowers the toxicity profile of the drug as 
well as increase its efficacy. 

BACKGROUND OF THE INVENTION 

[0002] The most widely used methods to treat cancer are surgery, radiation and 
chemotherapy. Cancer patients often receive a combination of these treatments and about 
half of all patients receive chemotherapy. Unfortunately, chemotherapeutic agents have 
significant limitations relating to their toxic effect on the patient and the efficacy of a 
particular dosage to target and kill tumor cells, 

[0003] Most chemotherapeutic agents kill cancer cells once they begin to undergo 
division and replication. Cells are killed by disrupting cell division. For example, a 
chemotherapeutic agent may prevent the formation of new DNA or block some other 
essential function within a cell. Some chemotherapeutic agents may work by inducing 
apoptosis, essentially causing the cells to commit suicide by triggering the cells' 
programmed death process. Although these agents are effective for treating cancer cells that 
generally grow rapidly through unregulated cell division, they also kill healthy non- 
cancerous ceils as they undergo ordinar)' cell division. This toxic effect is particularly 
apparent in fast-growing normal cells, such as bone marrow cells, those in the digestive tract, 
hair follicles, and reproductive cells. Because chemotherapy harms healthy tissue, the 
effectiveness of a drug is limited by its dosage levels and treatment frequency such that it 
should not exceed the tolerance levels for non-cancerous cells. Moreover, the chemotherapy 
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regimen often dramatically diminishes the quality of a patient's life through its physical and 
emotional side effects. Without the ability to target the drug exclusively to cancerous tissue, 
chemotherapy dosages must be kept within a range (i.e.., the therapeutic index) that healthy 
tissue can tolerate, thus often reducing the optimal effectiveness of chemotherapy on 
diseased tissue. 

[0004] If the toxicity of chemotherapeutic agents could be reduced, then practitioners 
would be able to increase the dosage of a drug without ttie resultant unacceptable side 
effects. Increasing efficacy in a drug can be translated into a decreased dosage of drug, 
which again minimizes the potential harmful effects on a patient while offering maximum 
benefit. Decreasing dosage by increasing efficacy of a chemotherapeutic drug together with 
a reduction in toxic side effects would lead to improvement of the patient's quality of life 
through controlling the tumor and through reducing harmful side effects. 

[0005] To date there have been various approaches to balancing effectiveness of 
chemotherapy treatment with the harmful side effects. For example, some approaches 
involve spreading out the chemotherapy treatments by giving smaller doses more frequently 
in order to help a patient better tolerate the treatment Other approaches include adding 
additional substances to the chemotherapy regime. Such substances include those that 
putatively combat the noxious side effects (such as nausea) of the chemotherapeutic agents 
and allow the chemotherapy drug to be better tolerated by the patient. Such substances can 
also allow higher doses of drug to be used to combat the cancer because the patient's 
tolerance of the chemotherapeutic agent can be improved or increased. 

[0006] Despite the advances that have been made in chemotherapeutic regimens, there 
remains a significant unmet medical need for increasing the efficacy of chemottierapeutic 
agents while at the same time reducing their toxicity. There is a need for therapies to more 
effectively combat cancer yet at the same time provide patients with a better quality of life 
during treatment by reducing the harmful and debilitating side effects of most 
chemotherapeutic treatments. 

SUMMARY OF THE INVENTION 

[0007] The present invention comprises compositions and methods for treating disease, 
such as cancer. The compositions of the present invention comprise one or more 
polysaccharides together with one or more pharmaceutical agents. The methods of the 
instant invention comprise the co-administration of one or more pharmacological agents and 
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one or more polysaccharides to a subject in need thereof, wherein the pharmaceutical 
preparation including the pharmacological agent and polysaccharide has reduced toxicity. 
In one aspect, the compositions of the present invention has both reduced toxicity and 
increase efficacy. 

[0008] In one embodiment of the present invention, a method is described for treating 
cancer in a subject comprising administering to the subject a mixture of one or more 
polysaccharides and an effective dose of a chemotherapeutic agent in a pharmaceutically 
acceptable formulation, wherein the polysaccharide is selected from group consisting of 
galactomannans, which are available from a number of plant and microbial sources. This 
pharmaceutical formulation is then administered to a patient in need ttiereof in an acceptable 
manner well known to those skilled in the art. 

[0009] In another embodiment of the present invention, a mixture of one or more 
polysaccharides and one or more chemotherapeutic agents is administered to a subject in 
need thereof, wherein ttie mixture comprises a sufficient amount of polysaccharide and 
chemodierapeutic agent in a ratio suitable for reducing the toxic side-effects in a subject 
while being effective against a particular pathology being treated, wherein the polysaccharide 
is selected from group consisting of galactomannans (from Cyamopsis tetragonolobus), 
Arabinogalactan (from Larix occidentaUs), Rhamnogalacturonan (from potato), 
Carrageenan (from Eucheuma Seaweed), and the Locust Bean Gum (from Ceratonia 
siliqua). The toxic side-effects being defined as those physiological effects (symptoms) 
realized by the subject resulting from the administration of the chemotherapeutic agent 
absent the polysaccharide. 

[0010] In another embodiment of the present invention, a pharmaceutical formulation is 
provided that includes a mixture of one or more polysaccharides and an effective dose of 
one or more chemotherapeutic agents in a pharmaceutically acceptable formulation, wherein 
the polysaccharide is selected from group consisting of galactomannans (from Cyamopsis 
tetragonolobus), Arabinogalactan (from Larix occidentalis), Rhamnogalacturonan (from 
potato) , Carrageenan (from Eucheuma Seaweed), and the Locust Bean Gum (from 
Ceratonia siliqua). In one aspect, the mixture in the formulation contains an amount of one 
or more polysaccharides and one or more chemotherapeutic agents in a ratio suitable for 
reducing any toxic side-effect in the subject. The polysaccharide to chemotherapy ratio 
could be in the range from 10:1 up to 1:10. With the 50,000 MW modified galactomannan 
the optimum ratio was in the range from 6: 1 to 1 :3. In another aspect, the mixture contains 
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an amount of one or more polysaccharides and one or more chemodierapeutic agents in a 
ratio suitable for enhancing efficacy of chemotherapeutic effect for treating the cancer. In 
yet another aspect, the mixture contains an amount of one or more polysaccharides and one 
or more chemotherapeutic agents in a ratio suitable for effectively treating cancer as well as 
reducing any potential toxic side-effect(s). In still a further aspect of the invention, a 
method is provided for treating cancer in a subject in need thereof that includes 
administrating an a mixture of one or more polysaccharides and an effective dose of one or 
more chemotherapeutic agents formulated so that die chemotherapeutic agent has enhanced 
therapeutic efficacy in the presence of the polysaccharide component. 

[001 1] The following terms shall have the meanings indicated below, unless the context 
otherwise requires. 

[0012] "Subject" refers to an animal including a mammal, such as human, dog, cat, pig, 
cow, sheep, goat, horse, rat, mouse, and alike. 

[0013] "Patient" refers to a human subject who has presented in a clinical setting with a 
particular symptom or symptoms consistent with a pathophysiological process. 

[0014] "Polysaccharide" refers to polymers comprised primarily of monomers of one or 
more sugars and substituted sugars. The sugar monomers can be modified in ways well 
known to those in the art. 

[0015] "Efficacy" for a toxic dierapeutic agent refers to the relationship between a 
minimum effective dose and the accompanying toxic side-effects. Efficacy of an agent is 
increased if a therapeutic end point can be achieved by administration of a lower dose or a 
shorter dosage regimen. If toxicity can be decreased, a therapeutic agent can be 
administered on a longer dosage regimen or even chronically with greater patient 
compliance and improved quality of life. Further, decreased toxicity of an agent enables the 
practitioner to increase the dosage to achieve the therapeutic endpoint sooner, or to achieve a 
higher therapeutic endpoint. "Efficacy" for a non-toxic therapeutic agent relates to 
improved therapeutic effect for treating a condition. 

[0016] "Pharmaceutically acceptable carrier" refers to any and all solvents, dispersion 
media, e.g., human albumin or cross-linked gelatin polypeptides, coatings, antibacterial and 
antifungal agents, isotonic, e.g. sodium chloride or sodium glutamate, and absorption 



4 



Docket: 13192-113 



Non-Provisional Application 



delaying agents, and the like that are physiologically compatible. The use of such media 
and agents for phannaceutically active substances is well known in the art. Preferably, the 
carrier is suitable for oral, intravenous, intramuscular, subcutaneous, parenteral, spinal or 
epidural administration, (e.g., by injection or infusion). Depending upon the route of 
administration, the active compound can be coated in a material to protect the compound 
from the action of acids and ottier natural conditions that can inactivate the compound. 

[0017] "Active Compound" refers to any and all chemotherapeutic agents used herein 
for the treatment of cancer, and any and all added agents that increase efficacy of the 
chemotherapeutic agent and/or decrease toxicity of the chemotherapeutic agent. 

[00 1 8] "Parenteral Administration" includes administration by bolus injection or 
infusion, as well as administration by intravenous, intramuscular, intraarterial, intrathecal, 
intracapsular, intraorbital, mtracardiac, intradermal, intraperitoneal, transtracheal, 
subcutaneous, subcuticular, intraarticular, subcapsular subarachnoid, intraspinal, epidural 
and intrastemal injection and infusion. 

[0019] "Toxic" refers to any adverse effect caused by an agent when administered to a 
subject. 

[0020] "Tumor Regression" was scored (excluding nonspecific deaths) as "partial" 
(less than 50 percent of its size at the beginning of the treatment), or "complete" (tumor 
becomes unpalpable). 

[002 1 ] "Duration of Regression" refers to the interval during which a tumor classified as 
a partial or complete regression continues to be below 50 percent of its size at first 
treatment. 

[0022] "Evaluation Size" refers to ttie tumor mass selected at one or two mass doubling 
versus beginning with the initial tumor size at the start of treatment. 

[0023] "Time Required for Tumor Mass Doubling" is the time to reach the evaluation 
size; it is used in the calculations of the overall delay in the growth of the median tumor [(T- 
C)/Cxl00%], where T-C (days) is the difference in the median of times postimplant for 
tumors of the treated (T) groups to attain an evaluation size compared to the median of the 
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control (C) group. The T-C value is measured excluding non-specific deaths, and any other 
animal that dies whose tumor failed to attain the evaluation size. 

[0024] "Effective Dose" is that dose of chemotherapeutic agent required to achieve a 
predetermined physiological effect, such as tumor size reduction, while not exceeding a 
patient's tolerance for the agent. 

[0025] Enhanced therapeutic efficacy means that the therapeutic index of 
chemotherapeutic agent (alone or as a composition comprising one or more polysaccharides 
and one or more therapeutic agents) exceeds the desired physiological effect, such as tumor 
size reduction, tumor growth delay, etc., compared to that of a reference chemotherapeutic 
agent, and/or improving a patient's tolerance for the agent 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is the stereochemical configuration of galactomannan; 

[0027] FIG. 2 is a graphical representation of the results of IH-NMR spectrum of the 
galactomannan of the invention (from guar gum) and galactomannan from carob (locust 
bean) gum; 

[0028] FIG. 3 is the Fourier transform of the IH-NMR results shown in FIG. 2; 

[0029] FIG. 4 is a graphical representation of the results of 13C-NMR spectrum of the 
galactomannan of the invention (from guar gum) and galactomannan from carob gum; 

[0030] FIG. 5 is a graphical representation of the results of HPLC/RI-MALLS profile of 
the galactomannan of the present invention; 

[003 1] FIG. 6 is a schematic representation of the manufacturing and purification process 
to produce the galactomannan of the present invention; 

[0032] FIG. 7 is a graph summary of the results of the first part of the efficacy study 
described in Example 3; 
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[0033] FIG. 8 is a graph summary of the results of the second part of the efficacy study 
described in Example 3; 

[0034] FIG. 9 is a graph summary of the results of the efficacy study described in 
Example 4; 

[0035] FIG. 10 is a graph summary of the results of the efficacy study described in 
Example 5; and 

[0036] FIG. 11 is a graph sununary of the results of the three efficacy studies described 
in Examples 3, 4, and 5. 

DETAILED DESCRIPTION 

[0037] The present invention provides compositions and methods for treating an 
individual in need thereof. The compositions of the invention comprise a mixture of one or 
more polysaccharides and one or more therapeutic agents. The compositions of the present 
invention are directed toward individuals afflicted with a disease, such as cancer. The 
polysaccharide/therapeutic agent compositions of the present invention, once administered 
to an individual in need thereof, preferably enhance the therapeutic efficacy of the 
therapeutic agent while concomitantly reduce its toxic side-effects. 

[0038] The most widely used methods to treat cancer are surgery, radiation and 
chemotherapy. Cancer patients often receive a combination of these treatments and about 
half of all patients receive chemotherapy. Unfortunately, chemotherapeutic agents have 
significant limitations relating to their toxic effect on the patient and the efficacy of a 
particular dosage to target and kill tumor cells. 

[0039] Because chemotherapy harms healthy tissue, the effectiveness of a drug is limited 
by its dosage levels and treatment frequency such that it should not exceed the tolerance 
levels for non-cancerous cells. Moreover, the chemotherapy regimen often dramatically 
diminishes the quality of a patient's life through its physical and emotional side effects. 
Without the ability to target the drug exclusively to cancerous tissue, chemotherapy dosages 
must be kept within a range (i.e.., the therapeutic index) that healthy tissue can tolerate, thus 
reducing the optimal effectiveness of chemotherapy on diseased tissue. Therefore, if the 
toxicity of chemotherapeutic agents can be reduced, practitioners would be able to increase 
the dosage of drug without the resultant toxic side effects. 
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[0040] One class of drugs, fluoropyrimidines (e.g., 5-fluorouracil (5-FU)), have been 
used for over forty years in standard chemotherapy regimens for a number of solid tumors 
including colorectal, breast, non-small cell carcinoma of the lung (NSCCL), gastric, 
pancreatic, ovarian and head and neck tumors. Schedule modification of 5-FU 
administration including prolonged intravenous inftision, and pharmacokinetic modulation 
has produced improved response rates and tolerability, however, this has not always 
translated well into improved survival rates. There remains an opportunity to develop agents 
which, when given with 5-FU, enhance tumor specific delivery, and improve safety and 
convenience of administration such as what is described herein. 

[0041] 5-FU has been the mainstay for therapy of cancers like colorectal cancer for the 
last two decades. Colorectal adenocarcinoma is the second leading cause of cancer deaths 
accounting for 10-12 percent of the total number. An estimated 130,000-155,000 new cases 
occur yearly in the United States. Approximately 25% of patients present with distant 
metastases, and an additional 20% develop metastases during their lifetime. The mortality 
rate in 1990 was 24/100,000 for males and 16/100,000 for females. Although survival from 
this disease has improved by approximately 8% over the past two decades largely due to 
earlier detection. 

[0042] Advances in the treatment of advanced colorectal cancer are largely attributed to 
modifications of, or additions to, regimens centered around 5-FU which remains the first 
line chemotherapeutic agent for the treatment of metastatic colorectal cancer. Bolus 
intravenous ("IV") therapy, which was the standard of care until approximately a decade 
ago, produced response rates ranging from 1 1% to 18%. The intensity of exposure to 
5-FU as measured by the area under the "concentration vs. time curve" correlates well not 
only with anti-tumor activity but also with toxicity. Regimens which include five days of 
treatment every three weeks produce mucositis, diarrhea and neutropenia. Regimens aimed 
at enhancing the duration of thymidylate synthase inhibition by continuous IV infusion or 
bolus injection in combination witfi leucovorin (folinic acid) have improved response rates 
ranging from 22% to 38%. Continuous infusion regimens can result in hand-foot syndrome 
in approximately 20% of patients, mucositis is similar in continuous inftision compared 
with bolus therapy, but diarrhea and neutropenia are less firequent by the continuous 
inftision route. 
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[0043] Topoisomerase I inhibitors such as irinotecan have been used in patients with 
advanced colorectal cancer who are chemotherapy naive or who have failed 5-FU regimens. 
In chemotherapy naive patients, a Phase II study by the Southern Italy Oncology Group 
showed an 18% response rate in patients receiving 5-FU plus leucovorin, and a 40% 
response rate in patients receiving irinotecan given just prior to 5-FU plus leucovorin. 
Grade 3-4 toxicity was uncommon in both treatment arms. In patients who have failed 5- 
FU, two randomized trials showed that irinotecan improved response rates and survival 
when compared to best supportive care or continuous infusion 5-FU. Irinotecan produces 
more severe life-threatening myelosuppression and diarrhea than 5-FU. The overlapping 
toxicities of these two agents also limits the use of both compounds together at maximal 
dose intensity. 

[0044] Oxaliplatin is a diaminocyclohexane platinum complex which has been shown to 
have a single agent response rate of 10% in previously treated colorectal cancer patients . 
When combined with 5-FU infusions in patients receiving initial therapy, response rates as 
high as 58% have been observed. Complications of this drug include peripheral neuropathy 
and oral-pharyngeal dysesthesias. Clinical trials are currently underway to compare 
oxaliplatin combinations with 5-FU or irinotecan to 5-FU as initial treatments for advanced 
colorectal cancer. 

[0045] The present invention provides mefliods and compositions for combining one or 
more polysaccharides with one or more therapeutic agents for treating disease in a subject. 
The methods of the invention include administering an effective dose of a mixture of one or 
more polysaccharides together with an effective dose of one or more therapeutic agents such 
that a mixture is formulated wherein the therapeutic agent has enhanced therapeutic efficacy 
and decreased toxicity m the presence of the polysaccharide. 

[0046] One disease targeted by the present invention is cancer. The types of cancer 
envisaged to be within the scope of the present invention include, but not limited to, chronic 
leukemia, breast cancer, sarcoma, ovarian carcinoma, rectal cancer, throat cancer, melanoma, 
colon cancer, bladder cancer, lung cancer, mammary adenocarcinoma, gastrointestinal 
cancer, stom.ach cancer, prostate cancer, pancreatic cancer, and Kaposi's sarcoma. 

[0047] However, other treatment regimes are envisaged to be within the scope of this 
invention include, but not limited to, anti-depressants, anti-inflanmiatory agents, 
gastroenterology drugs (for treating ulcers and associated disorders), anti-psychotic drugs, 
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anti-hyperlipidemic agents, etc., as many therapeutic agents must be administered as a 
chronic medicine, on a long-term basis, potential reduction in dosage and improvement 
in quality of life become significant factors in availability, cost of therapeutic agents, and 
patient compliance. 

[0048] The effective dose of the polysaccharide component is that amount needed to 
minimize or completely mitigate some, if not all, of the toxic side-effects experienced by a 
subject receiving a chemotherapeutic agent. In one aspect, the effective dose is that amount 
needed to enhance the efficacy of the therapeutic agent. In another aspect, the effective dose 
is that amount need to minimize or eliminate the toxic sides effects of a drug as well as 
increase the drug's efficacy in treating a subject. 

[0049] Enhanced therapeutic efficacy means that the therapeutic index of 
chemotherapeutic agent (as a composition comprising one or more polysaccharides and 
exceeds the desired physiological effect, such as tumor size reduction, tumor growth delay, 
etc., compared to that of a reference chemotherapeutic agent, or/and improving a patient's 
tolerance for the chemotherapeutic agent. 

[0050] In one embodiment, a composition comprising one or more polysaccharides and 
one or more therapeutic agents is disclosed. The polysaccharides are formed from 
monomeric units. Modified polysaccharides are also considered to be within the scope of 
die present invention and can include modification by, for example, limited controlled 
depolymerization, or, for example, having lipid, protein, or nucleic acid moieties affixed to 
the monomeric units of the polysaccharide. The polysaccharide of the composition can be 
branched or unbranched. The polysaccharides include, but not limited to, galactomannans 
available from a number of plant and microbial sources, e.g., plants: Gleditsia triacanthos, 
medicago falcate, Cyamopsis tetragonoloba, Trigonella Foenum-graecum and microbial like 
Ceratonia siliqua Xanthomonas campestris, yeast and mold galactomannan, 
Arabinogalactan (from Larix occidentalis), Rhamnogalacturonan (from potato), 
Carrageenan (from Eucheuma Seaweed), and the Locust Bean Gum (from Ceratonia 
siliqua. In one aspect, the polysaccharide can be 6-1, 4-D-galactomannan and include a 
ratio of mannose to galactose in the range of about 1.7. In another aspect, the molecular 
weight of the galactomannan polysaccharide is in the range of about 4,000 to about 200,000 
D. In a particular aspect, the galactomannan has an average weight of about 40,000 to 
60,000 D. In another aspect, the structure of the galactomannans is a poly- 6 -1 ,4 mannan 
backbone, with side substituents affixed via a-l-6-glycoside linkages. In one aspect, the 
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galactomannan polysaccharide can be 6- 1 ,4-D-galactomannan. In one particular aspect, the 
polysaccharide is (((1,4)- linked p-D-mannopyranose )17 - ((l,6)-linked-P-D- 
galactopyranose)10 )12). In another aspect, the galactomannan can be a derivative of Guar 
gum from seeds of Cyamopsis tetragonoloba. 

[005 1 ] The polysaccharides of the present invention can have side branches of target 
specific carbohydrates, such as, galactose, rhamnose, mannose, or arabinose which 
provides the surface of a polymer recognition capabilities in targeting specific lectin type 
receptors on the surface of cells, especially tumor cells. Branches can be a single unit or 
two or more units of oligosaccharide. 

[0052] The compositions of the present invention can further include an enhancer. An 
example of such an enhancer is leucovorin. Studies have shown that the addition of 
enhancers such as leucovorin have improved response rates. See, Benson, A.B., 
Oncology, 12 (10 suppl 7):28-34, 1998; Ardalan, B., et al, Cancer Invest., 16:293«294, 
1998; and Harms, B.A., et al. Chapter 62 in Clinical Oncology, 2nd ed., Abeloff (ed), 
2000, Churchill Livingstone, Inc. pp. 161 1-1637, the entire teaching of which is 
incorporated herein by reference. In chemotherapy naiVe patients, a Phase II study 
conducted by the Southern Italy Oncology Group showed an 18% response rate in 
patients receiving 5-FU plus leucovorin, and a 40% response rate in patients receiving 
irinotecan given just prior to 5-FU plus leucovorin. See, Maiello, E., et al, Ann. Oncol 
1 1:1045-51, 2000, the entire teaching of which is incorporated herein by reference. 

[0053] The therapeutic agent of the present composition includes all known 
pharmaceuticals listed in, for example, the Physicians Desk Reference, as well as 
experimental therapeutic agents. In one aspect, the therapeutic agents are chemotherapeutic 
agents. 

[0054] The modem era of cancer chemotherapy began after World War 11 with the 
introduction of nitrogen mustard, an alkylating agent developed for clinical use as a 
consequence of the hematopoietic toxicity encountered with sulfur mustard and aminopterin, 
a folate antagonist. These compounds produced dramatic remissions in patients with 
lymphoma and in children with acute lymphocytic leukemia. Unfortunately, cures were not 
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obtained because of the rapid development of drug resistance, a problem that has been 
noted with single agent treatment of each new drug introduced into the clinic. 

[0055] Studies in experimental tumors have clearly established that optimal antitumor 
effects occur when dosages used are the highest achievable, consistent with host tolerance, 
which is the subject of the present invention. In more recent years the term dosage intensity 
has been employed to define the amount of drug delivered per unit time, usually in 
milligrams per square meter per week. For certain drugs, such as alkylating agents that are 
not very schedule dependent, dose intensity delivered directly relates to treatment outcome. 
In most tumors in which cure is possible, this issue becomes critical and less than optimal 
dosing may result in treatment failure. 

[0056] In many human tumors that are curable by combination chemotherapy, there is a 
certain subset of patients, usually with advanced, bulky tumors, that are not effectively 
treated by these programs. The possibility of curing even this subset of patients by 
increasing dose intensity using autologous marrow rescue or hemotopoietic growth factors 
continues to be investigated. 

[0057] Drug resistance occurs rapidly when treatment with a single drug is used. A 
combination of chemotherapeutic agents can be used to treat various cancers. Drugs can be 
used in combination when the dose-limiting toxicity of one drug is nonoverlapping with the 
other. When toxicity occurs, it may be difficult to adjust subsequent drug doses, because 
the major offending agent may not be known. 

[0058] Cycle-active agents are drugs that require a cell to be in cycle, i.e.., actively going 
through the cell cycle preparatory to cell division to be cytotoxic. Some of these drugs are 
effective primarily against cells in one of the phases of the cell. The importance of this 
designation is that cell cycle-active agents are usually schedule-dependent, and that duration 
of exposure is as important and usually more important than dose. In contrast, noncell 
cycle-active agents are usually not schedule-dependent, and effects depend on the total dose 
administered, regardless of the schedule. Alkylating agents are generally considered to be 
noncycle active, whereas antimetabolites are prototypes of cycle-active compounds. 

[0059] An example of cell cycle-active agents are fluoropyrimidines, such as 5- 
fluorouracil (5-FU) and 5-fluorodeoxyuridine (5-FUdR). 5-FXJ exerts its cytotoxic effects 
by inhibition of DNA synthesis, or by incorporation into RNA, thus inhibiting RNA 
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processing and function. The active metabolite of 5-FU that inhibits DNA synthesis 
through potent inhibition of thymidylate synthase is 5-fluorodeoxyuridylate (5-FdUMP). 
In rapidly growing tumors, inhibition of thymidylate synthetase appears to be the key 
mechanism of cell death caused by 5-FU; however, in other tumors, cell death is better 
correlated with incorporation of 5-FU into RNA. Incorporation of 5-FU into DNA can 
occur also and may contribute to 5-FU cytotoxicity. 

[0060] 5-FU and 5-FUdR have antitumor activity against several solid tumors, most 
notably colon cancer, breast cancer, and head and neck cancer. A preparation containing 5- 
FU is used topically to treat skin hyperkeratosis and superficial basal cell carcinomas. 

[0061] The major hmiting toxicities of 5-FU and 5-FUdR include marrow and GI 
toxicity. Stomatitis and diarrhea usually occur 4-7 days after treatment. Further treatment 
is usually withheld until recovery from the toxic side-effects occurs. The nadir of 
leukopenia and of thrombocytopenia usually occurs 7-10 days after a single dose of a 5-day 
course. The dose-limiting toxicity to infusions of 5-FUdR through the hepatic artery is 
transient liver toxicity, occasionally resulting in biliary sclerosis. Less common toxicities 
noted with 5-FU after systemic administration are skin rash, cerebellar symptoms and 
conjunctivitis. 

[0062] Another example of a cell cycle-active agent is methotrexate. This folate 
antagonist was one of the first antimetabolites shown to induce complete remission in 
children with ALL. Methotrexate (amethopterin) and aminopterin are analogs of the vitamin 
folic acid. Methotrexate, and similar compounds, acts by inhibiting the enzyme 
dihydrofolate reductase. As a consequence of this inhibition, intracellular folate coenzymes 
are rapidly depleted. These coenzymes are required for thymidylate biosynthesis as well as 
purine biosynthesis, as such, DNA synthesis is blocked by the use of methotrexate and 
alike. There is considerable toxicity associated with the use of methotrexate such as 
myelosuppression and GI distress. An early sign of methotrexate toxicity to the GI tract is 
mucositis. Severe toxicity can result in diarrhea that is due to small bowel damage that can 
progress to ulceration and bleeding. 

[0063] Cytosine arabinoside (ara-C) is an antimetabolite analog of deoxycytidine. In the 
analog, die OH group is in the p configuration at the 2' position. This compound was first 
isolated from the sponge Cryptothethya crypta. Ara-C is the drug of choice for the 
treatment of acute myelocytic leukemia. Ara-C is converted intracellularly to the nucleotide 
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of triphosphate (ara-CTP) that is both an inhibitor of DNA polymerase and incorporated 
into DNA. The latter event is considered to cause the lethal action of ara-C. Nausea and 
vomiting are observed with patients being treated with ara-C. 

[0064] There are many other chemotherapeutics considered to be within the scope of this 
invention. Purine analogs, such as 6-mercaptopurine and 6-thioguanine, define drugs that 
are also employed as a cure against cancer. Hydroxyurea is another drug that is used to 
treat cancer. Hydroxyurea inhibits ribonucleotide reductase, the enzyme that converts 
ribonucleotides at the diphosphate level to deoxyribonucleotides. Vinca alkaloids are also 
involved in the treatment of cancer. The vinca alkaloids include vinblastine, vincristine, and 
vindesine. Epipodophyllotoxin is a derivative of podophyllotoxin that is used in the 
treatment of such cancers as leukemia, Hodgkin's, and other cancers. 

[0065] Alkylating agents such as mechlorethamine, phenylalanine mustard, chlorambucil, 
ethylenimines and methyl melaniines, and alkylsulfonates are employed to treat various 
cancers. 

[0066] Nitrosoureas like carmustine, lomustine, and streptozocin are used to treat various 
cancers and have the ability to readily cross the blood-brain barrier. 

[0067] Cisplatin (diamino-dichloro-platinum) is a platinum coordination complex that has 
a broad spectrum antitumor activity. Cisplatin is a reactive molecule and is able to form 
inter- and intrastrand links with DNA in order to cross-link proteins with the DNA. 
Carboplatin is another platinum based antitumor drug. 

[0068] Triazenes like dacarbazine and procarbazine are a part of the antitumor arsenal. 

[0069] There are antibiotics that have antitumor activity such as anthracyclines, such as 
doxorubicin, daunorubicin, and mitoxantrone. Other antitumor antibiotics include 
bleomycin, dactinomycin, mitomycin C, and plycamycin. 

[0070] There are other antitumor drugs, like asparaginase, that are considered to be within 
the scope of this invention. These and the other drugs mentioned above all have a toxicity 
profile that is well known to those skilled in the art. 
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[007 1 ] Other therapeutic agents that can be used in the present invention include 
cyclophosphamide (cytoxan), melphalan (alkeran), chlorambucil (leukeran), carmustine 
(BCNU), thiotepa, busulfan (myleran); glucocorticoids such as prednisone/prednisolone, 
triamcinolone (vetalog); other inhibitors of protein/DNA/RNA synthesis such as 
dacarbazine (DTIC), procarbazine (matulane); and pacUtaxel 

[0072] Examples of therapeutic agents that may be administered with one or more 
polysaccharides to reduce their toxicity or enhance efficacy include the following: anti- 
infectives including antibiotics, anti-virals and vaccines, antineoplastics, cardiovascular drugs 
including antiarrythmics, antihypertensives, etc., central nervous system drugs including 
analgesics, anorectics, anticonvulsants, anti-inflammatories and tranquilizers, etc. OTICS, 
opthalmics, gastrointestinal including anti-ulcer drugs, anticholinergic drugs etc., hormones, 
respiratory drugs including allergy medications, bronchodilators and decongestants, topical 
drugs and vitamins and minerals. 

[0073] Without wishing to be bound by theory, there are three possible mechanisms that 
may account for the beneficial effect of a polysaccharide like galactomannan in a mixture 
with a therapeutic drug such as 5-FU. One involves a direct physical interaction between 
the drug and galactomannan. For example, galactomannan may increase cancer cell 
membrane fluidity and permeability as a result of galactose-specific interactions at the 
surface of the target cell. The polysaccharide can thus serve as an effective vehicle for 
delivery of the drug to the target. Additionally, galactomannan may act to inhibit 
aggregation of tumor cells and their adhesion to normal cells so that the cancer fails to 
metastasize. Once the polymer-drug conjugate enters the tumor, which the polysaccharide 
recognizes by virtue of its structure and composition, the polysaccharide may release the 
anti-cancer drug. The toxicity of a therapeutic agent may be reduced because tfie drug is 
inactive as long as it is bound to the polymer. Once the polymer-drug conjugate enters the 
tumor, the polysaccharide may release therapeutic agent. 

[0074] Another possible mode of action for the polysaccharide like galactomannan may 
involve its interaction with some regulatory sites in a biological system, for example, if those 
sites are governed by galactose-specific residues, such as galectins. Yet another possible 
mode of action may involve an inhibitory effect of the polysaccharide having a certain 
chemical structure (a certain ManrOal ratio) and a certain size (molecular weight) on 
enzymatic systems responsible for a rapid clearance of therapeutic agent from the body, and 
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therefore may potentially increase the bioavailability and prolong the mean residence time of 
drug in the body, thus improving the therapeutic profile of a drug in cancer therapy. 

[0075] In one particular aspect, the polysaccharide is galactomannan. Use of a 
galactomannan-containing composition can have an immediate effect of increasing the 
responses of patients to chemotherapy. For example, one effect is a decrease in the dosage 
of the therapeutic agent required for effective chemotherapy. It can have an inmiediate 
beneficial effect for die patient by decreasing toxicity of the chemotherapeutic agent, as here 
exemplified, but not Umited to, adramycin, 5-FU, irinotecan and cisplatin. 

[0076] Galactomannan can be obtained from a variety of natural sources such as plants 
and microbial sources. The polysaccharide can also be synthetically made. 
Galactomannan can be derived from carob gum (Ceratonia siliqua), guar gum (Cyamopsis 
tetragonoloba), and honey locust (Gleditsia triacanthos), are examples of commercial 
available galactomannans. 

[0077] Galactomannan is a polymer comprising mannose and galactose. The resulting 
ratio of mannose to galactose in the isolated polysaccharide can vary according to the source 
of the galactomannan and the isolation procedure used, typically ranging between one and 
four. 

[0078] The polysaccharide galactomannan is a polymer that can occur in a variety of size 
ranges. For example, galactomannan can have a molecular weight in the range of about 
20,000 to about 600,000 D. The galactomannan can range in size from about 90,000 to 
about 415,000 D. Moreover, die galactomannan can be derivatized or hydrolyzed resulting 
in fragments of the native molecule for example in the range of 4000 to 60,000. 

[0079] In one embodiment of the present invention, a method is disclosed for treating a 
disease, such as cancer, comprising administering to the subject a mixture of one or more 
polysaccharides and an effective dose of one or more chemotherapeutic agents in a 
pharmaceutically acceptable formulation, wherein the polysaccharide is selected from group 
consisting of galactomannans from various sources. This pharmaceutical formulation is 
then administered to a patient in need thereof in any acceptable manner known in the art. In 
one aspect of this embodiment, the components, i.e.., the polysaccharide and 
pharmaceutical, can be administered separately to a subject. 
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[0080] The polysaccharide component of this embodiment can be prepared using 
methods articulated herein. If for example galactomannan is one of the components for the 
present embodiment, it can be extracted from Guar gum which itself is obtained from seeds 
of the Cyamopsis tetragonoloba. 

[008 1] Once the polysaccharide is prepared it can be stored as a powder or as an aqueous 
solution, for example, in physiological saline. Other acceptable physiological solutions can 
be used as well. A pharmaceutical preparation can be formed using the prepared 
polysaccharide and one or more pharmaceutical agents. The polysaccharide theraputic' IV 
dose can be in the range of 10 to 200 mg/kg and is usually optimized to the optimal 
therapeutic dose of the chemotherapeutic agent for best therapeutic performance. For 5-FU 
the optimum dose (in mice) has been established at 30 to 150 mg/kg with best results at 
about 120 mg/kg. However, it could vary with other chemotherapy. The pharmaceutical 
carriers that can be used for the administration of the present composition are well known to 
those skilled in the art. 

[0082] The routes of administration include oral, intravenous, subcutaneous, 
intraperitoneal, intramuscular, and alike. ITie route of administration can be any route 
sufficient to introduce the composition into a subject in a manner consistent with good 
medical practice. These various routes of administration are well known to those skilled in 
the art. 

[0083] In another embodiment of the present invention, a mixture of one or more 
polysaccharides and chemotherapeutic agent is administered to a subject in need thereof, 
wherein the mixture comprises a sufficient amount of polysaccharide and chemotherapeutic 
agent in a ratio suitable for reducing the toxic side-effects in a subject while being effective 
against the particular pathology being addressed, wherein the polysaccharide is selected 
from group consisting of galactomannans from different plant sources. Arabinogalactan 
(from Larix occidentalis), Rhamnogalacturonan (from potato), Carrageenan (from 
Eucheuma Seaweed), and the Locust Bean Gum (from Ceratonia siliqua. The toxic side- 
effects being defined as those physiological effects (symptoms) realized by the subject 
resulting from, the administration of the chemotherapeutic agent absent the polysaccharide. 
A sufficient amount of polysaccharide is then understood herein to mean that amount 
required to minimize or mitigate toxic side-effects resulting from the administration of a 
pharmaceutical agent. 
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[0084] In another embodiment of the present invention, a pharmaceutical formulation is 
provided that includes a mixture of one or more polysaccharides and an effective dose of a 
chemotherapeutic agent in a pharmaceutically acceptable formulation, wherein the 
polysaccharide is selected from group consisting of galactomannans from plant sources. In 
one aspect, the mixture in the formulation contains an amount of one or more 
polysaccharides and a chemotherapeutic agent in a ratio suitable for effectively treating 
cancer as well as for reducing any toxic side-effect in the subject. In another aspect, the 
mixture contains an amount of one or more polysaccharides and a chemotherapeutic agent 
in a ratio suitable for enhancing efficacy of chemotherapeutic effect for treating the cancer. 
In still a further aspect of the invention, a method is provided for treating cancer in a subject 
in need thereof that includes administrating an a mixture of one or more polysaccharides 
and an effective dose of a chemotherapeutic agent formulated so that the chemotherapeutic 
agent has enhanced therapeutic efficacy and reduced toxic effect upon the subject. 

[0085] Any of the identified compounds of the present invention can be administered to a 
subject, including a human, by itself, or in pharmaceutical compositions where it is mixed 
with suitable carriers or excipients at doses therapeutically effective to prevent, treat or 
ameliorate a variety of disorders, including those characterized by that outlined herein. A 
therapeutically effective dose further refers to that amount of the compound sufficient result 
in the prevention or amelioration of symptoms associated with such disorders. Techniques 
for formulation and administration of the compounds of the instant invention may be found 
in Goodman and Oilman's The Pharmacological Basis of Therapeutics, Pergamon Press, 
latest edition. 

[0086] The compounds of the present invention can be targeted to specific sites by durect 
injection into those sites. Compounds designed for use in the central nervous system 
should be able to cross the blood-brain barrier or be suitable for administration by localized 
injection. 

[0087] Pharmaceutical compositions suitable for use in the present invention include 
compositions wherein the active ingredients are contained in an effective amount to achieve 
its intended purpose. More specifically, a therapeutically effective amount means an amount 
effective to prevent development of or alleviate the existing symptoms and underlying 
pathology of the subject being treating. Determination of the effective amounts is well 
within the capability of those skilled in the art. 
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[0088] For any compound used in the methods of the present invention, the 
therapeutically effective dose can be estimated initially from cell culture assays. For 
example, a dose can be formulated in animal models to achieve a circulating concentration 
range that includes the IC50 (the dose where 50% of the cells show the desired effects) as 
determined in cell culture. Such information can be used to more accurately determine 
useful doses in humans. 

[0089] A therapeutically effective dose refers to that amount of the compound that results 
in the attenuation of symptoms or a prolongation of survival in a subject. Toxicity and 
therapeutic efficacy of such compounds can be determined by standard pharmaceutical 
procedures in cell cultures or experimental animals, e.g., for determining the LD50 (the dose 
lethal to 50% of a given population) and the ED50 (the dose therapeutically effective in 50% 
of a given population). The dose ratio between toxic and therapeutic effects is the 
therapeutic index and it can be expressed as the ratio between LD50 and ED50. 
Compounds which exhibit high tiierapeutic indices are preferred. The data obtained from 
these cell culture assays and animal studies can be used in formulating a range of dosage 
for use in human. The dosage of such compounds lies preferably within a range of 
circulating concentrations that include the ED50 with little or no toxicity. The dosage can 
vary within this range depending upon the dosage form employed and the route of 
administration utilized. The exact formulation, route of administration and dosage can be 
chosen by the individual physician in view of a patient's condition. Dosage amount and 
interval can be adjusted individually to provide plasma levels of ttie active moiety which are 
sufficient to maintain the desired effects. 

[0090] In case of local administration or selective uptake, the effective local concentration 
of the drug may not be related to plasma concentration. 

[009 1] The amount of composition administered will, of course, be dependent on the 
subject being treated, on the subject's weight, the severity of the affliction, the manner of 
administration and the judgment of the prescribing physician. 

[0092] The pharmaceutical compositions of the present invention can be manufactured in 
a manner that is itself known, e.g., by means of conventional mixing, dissolving, granulating, 
levigating, emulsifying, encapsulating, entrapping or lyophilizing processes. 
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[0093] Pharmaceutical compositions for use in accordance with the present invention thus 
can be formulated in conventional manner using one or more physiologically acceptable 
carriers comprising excipients and auxiliaries that facilitate processing of the active 
compounds into preparations which can be used pharmaceutically. Proper formulation is 
dependent upon the route of administration chosen. 

[0094] For injection, the agents of the invention can be formulated in aqueous solutions, 
preferably in physiologically compatible buffers such as Hank's solution, Ringer's solution, 
or physiological saline buffer. For transmucosal administration, penetrants appropriate to 
the barriers to be permeated are used in the formulation. Such penetrants are generally 
known in the art. 

[0095] For oral administration, the compounds can be formulated readily by combining 
the active compounds with pharmaceutically acceptable carriers well known in the art. Such 
carriers enable the compounds of the invention to be formulated as tablets, pills, dragees, 
capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by a 
subject to be treated. Pharmaceutical preparations for oral use can be obtained solid 
excipient, optionally grinding a resulting mixture, and processing the mixture of granules, 
after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable 
excipients are, in particular, fillers such as sugars, including lactose, sucrose, mannitol, or 
sorbitol; cellulose preparations such as, for example, maize starch, wheat starch, rice starch, 
potato starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethylcellulose, 
sodium carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP). If desired, 
disintegrating agents can be added, such as the cross-linked polyvinyl pyrrolidone, agar, or 
alginic acid or a salt thereof such as sodium alginate. 

[0096] Dragee cores are provided with suitable coatings. For this purpose, concentrated 
sugar solutions can be used, which can optionally contain gum arable, talc, polyvinyl 
pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, 
and suitable organic solvents or solvent mixtures. Dyestuffs or pigments can be added to 
the tablets or dragee coatings for identification or to characterize different combinations of 
active compound doses. 

[0097] Pharmaceutical preparations that can be used orally include push-fit capsules 
made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as 
glycerol or sorbitol. The push-fit capsules can contain the active ingredients in admixture 
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with filler such as lactose, binders such as starches, and/or lubricants such as talc or 
magnesium stearate and, optionally, stabilizers. In soft capsules, the active compounds can 
be dissolved or suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid 
polyethylene glycols. In addition, stabilizers can be added. All formulations for oral 
administration should be in dosages suitable for such administration. 

[0098] For buccal administration, the compositions can take the form of tablets or 
lozenges formulated in conventional manner. 

[0099] For administration by inhalation, the compounds for use according to the present 
invention are conveniently delivered in the form of an aerosol spray presentation from 
pressurized packs or a nebulizer, with the use of a suitable propellant, e.g., dichlorodi- 
fluorometiiane, trichlorofluoromethane, dichlorotetrafluoromethane, carbon dioxide or other 
suitable gas. In the case of a pressurized aerosol the dosage unit can be determined by 
providing a valve to deliver a metered amount. Capsules and cartridges of e.g., gelatin for 
use in an inhaler or insufflator can be formulated containing a powder mix of the compound 
and a suitable powder base such as lactose or starch. 

[00100] The compounds can be formulated for parenteral administration by injection, e.g., 
by bolus injection or continuous infusion. Formulations for injection can be presented in 
unit dosage for, e.g., in ampoules or in multidose containers, with an added preservatives. 
The compositions can take such forms as suspensions, solutions or emulsions in oily or 
aqueous vehicles, and can contain formulatory agents such as suspending, stabiUzing and/or 
dispersing agents. 

[00101] Pharmaceutical formulations for parenteral administration include aqueous 
solutions of the active compounds in water-soluble form. Additionally, suspensions of the 
active compounds can be prepared as appropriate oily injection suspension. Suitable 
lipohilic solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acid 
esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions 
can contain substances which increase the viscosity of the suspension, such as sodium 
carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension can also contain 
suitable stabilizers or agents that increase the solubility of the compounds to allow for the 
preparation of highly concentrated solutions. 
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[00102] Alternatively, the active ingredient can be in powder form for constitution with a 
suitable vehicle, e.g., sterile pyrogen-free water, before use. 

[00103] The compounds can also be formulated in rectal compositions such as 
suppositories or retention enemas, e.g., containing conventional suppository bases such as 
cocoa butter or other glycerides. 

[00104] In addition to the formulations previously described, the compounds can also be 
formulated as a depot preparation. Such long acting formulations can be administered by 
implantation (e.g., subcutaneously or intramuscularly) or by intramuscular injection. Thus, 
for example, the compounds can be formulated with suitable polymeric or hydrophobic 
materials (e.g., as an emulsion in an acceptable oil) or ion exchange resins, or as sparingly 
soluble derivatives, e.g., as a sparingly soluble salt. 

[00105] A pharmaceutical carrier for the hydrophobic compounds of the invention is a co- 
solvent system comprising benzyl alcohol, a non-polar surfactant, a water-miscible organic 
polymer, and an aqueous phase. Naturally, the proportions of a co-solvent system can be 
varied considerably without destroying its solubility and toxicity characteristics. 
Furthermore, the identity of the co-solvent components can be varied. 

[00106] Alternatively, other delivery systems for hydrophobic pharmaceutical compounds 
can be employed. Liposomes and emulsions are well known examples of delivery vehicles 
or carriers for hydrophobic drugs. Certain organic solvents such as dimethylsulfoxide also 
may be employed, although usually at the cost of greater toxicity. Additionally, the 
compounds can be delivered using a sustained-release system, such as semipermeable 
matrices of solid hydrophobic polymers containing the therapeutic agent. Various of 
sustained-release materials have been established and are well known to those skilled in the 
art. Sustained-release capsules can, depending on their chemical nature, release the 
compounds for a few weeks up to over 100 days. Depending on tfie chemical nature and 
the biological stability of the therapeutic reagent, additional strategies for protein 
stabilization can be employed. 

[00107] The pharmaceutical compositions also can comprise suitable solid or gel phase 
carriers or excipients. Examples of such carriers or excipients include, but are not limited 
to, calcium carbonate, calcium phosphate, various sugars, starches, cellulose derivatives, 
gelatin, and polymers such as polyethylene glycols. 
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[00108] Many of the compounds of the invention can be provided as salts with 
pharmaceutically compatible counterions. Phamaceutically compatible salts can be formed 
with many acids, including but not limited to hydrochloric, sulfuric, acetic, lactic, tartaric, 
malic, succinic, etc. Salts tend to be more soluble in aqueous or ottier protonic solvents that 
are the corresponding free base forms. 

[00109] Suitable routes of administration can, e.g., include oral, rectal, transmucosal, 
transdermal, or intestinal administration; parenteral delivery, including intramuscular, 
subcutaneous, intramedullary injections, as well as intrathecal, direct intraventricular, 
intravenous, intraperitoneal, intranasal, or intraocular injections. 

[001 10] Alternatively, one can administer the compound in a local rather than systemic 
manner, e.g., via injection of the compound directly into an affected area, often in a depot or 
sustained release formulation. 

[001 1 1] Furthermore, one can administer the compound in a targeted drug delivery system, 
e.g., in a liposome coated with an antibody specific for affected cells. The liposomes will be 
targeted to and taken up selectively by the cells. 

[001 12] The compositions can, if desired, be presented in a pack or dispenser device which 
can contain one or more unit dosage forms containing the active ingredient. The pack can, 
e.g., comprise metal or plastic foil, such as a blister pack. The pack or dispenser device can 
be accompanied by instruction for administration. Compositions comprising a compound 
of the invention formulated in a compatible pharmaceutical carrier can also be prepared, 
placed in an appropriate container, and labeled for treatment of an indicated condition. 
Suitable conditions indicated on the label can include treatment of a disease such as 
described herein. 

[001 14] Pharmaceutically acceptable carriers are commonly added in typical drug 
formulations. For example, in oral formulations, hydroxypropyl cellulose, colloidal silicon 
dioxide, magnesium carbonate, methacrylic acid copolymer, starch , talc, sugar sphere, 
sucrose, polyethylene glycol, polysorbate 80, and titanium dioxide: croscarmeloose sodium, 
edible inks, gelatin, lactose monohodrate, magnesium stearate, povidone, sodium layryl 
sulfate, camuba bax, crospovidone, hydroxypropyl methylcellulose, lactose, microcrystalline 
cellulose, and other ingredients may be used. For example, galactomannan has been used as 
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a carrier for oral delivery of agents, which are in a non-liquid form. See U.S. Pat. Nos.: 
4,447,337; 5.128,143; and 6,063,402, the entire teaching of which is incorporated herein by 
reference. 

EXAMPLES 
Example 1 

Structure of Galactomannan 

[001 13] The galactomannan oligomer of the present invention is a polysaccharide. In one 
aspect it has an average molecular weight of about 48,000 D. Shown below is the 
acceptable chemical nomenclature and structural formula for the galactomann of the present 
invention. Also shown is the stereochemical configuration. 

[001 14] Full chemical name: (((1,4)- linked p-D-mannopyranose )17 - ((l,6)-linked-p-D- 
galactopyranose)10 )12). 

[00 1 1 5] A backbone composed of linear ( 1 ^4)-P-D-Mannopyranosyl units, to which 
single p-D-Galactopyranosyl is attached by (1^6) linkage as illustrated below: 



a-D-Gal;? 
1 
I 



a-D-Galp 
1 



6 6 
>4)-p-D-Manp<1^4)-|3-D-Manp<l-->4)-p-D-Maiip-(l^^^ 



[001 16] FIG. 2 shows the structure of the galactomannan polysaccharide of the present 
invention as determined by Nuclear Magnetic Resonance (NMR). The galactomannan of 
the present invention was compared to galactomannan from Carob (locust bean) gum. An 
easy identification of die two principal sugar residues, tiiat is mannose (Man) and galactose 
(Gal), comes from two peaks, at 4.8 p.p.m. (a doublet), respectively, since tiie ratio of 
Man/Gal in the galactomannan from guar gum (the galactomannan of the present invention) 
is 1.7:1 and that in die galactomannan from carob gum (Ceratonia sihqua) is 4:1. 
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[001 17] FIG. 3 shows the Fourier Transform 1 H-NMR spectrum of the guar gum 
galactomamian of the present invention. The signal for the galactose anomeric protons 
appears at approximately 4.9 ppm (doublet). The signal for the mannose anomeric protons 
appears at approximately 4.6 ppm (broad signal). These signals are completely completely 
separated from those of the free monosachharides; the galactose a proton at 5.1 ppm and p 
at 4.5 ppm, the mannose a at 4.8 ppm and P at 5.0 ppm. The ratio of mannose to galactose 
units can be easily calculated for this working standard at 1.7. 

[001 18] FIG. 4 shows the 13C-NMR spectrum of the galactomannan of the present 
invention, showing detailed positions of the chemical shifts and their intensities. This study 
confirms the above chemical structure for the galactomannan. 

[00 1 1 9] FIG. 4 illustrate the following: 

[00120] 1) All three sugars are seen in the NMR spectrum, i.e.., p-D-galactopyranosyl, 4- 
0-p-D-mannopyranosyl (unsubstituted) and 4,6-Di-O-P-D-mannopyranosyl (substituted). 
The positions of signals from CI to C6 for all the three sugars, that is G-1 to G-6, M-1 to 
M-6, and GM-1 to GM-6, respectively, are shown in the FIG. (the positions of G-2 and G- 
4, M-1 and GM-1, M-2 and GM-2, M-3 and GM-3, M-4 and GM-4 are coincident within 
these pairs). 

[00 1 2 1 ] 2) The positions of signals for galactose in the NMR spectrum completely 
correspond to those of carbon atoms of free galactopyranose, providing evidence for the 
absence of substituents at positions of Gal units in the galactomannan. 

[00122] 3) Substitution of certain mannose residues is at C-6 (because the shift of the 
signal from 63.6 p.p.m. for "normal" unsubstituted methylene carbon to "substituted" 
one at 69.6 p.p.m., along with a shift of the adjacent C-5 signal from a "normal" 78 p.p.m. 
to 76.4 p.p.m.); the 63.6 p.p.m. Shift for the methylene carbons are well documented. 

mm 231 4'> C- 1 of galactose residue is involved in formation of galactoside bond (because 

L J y - 

compared to C-1 of free galactose that one in the NMR spectrum had a lowfield shift +6.5 
p.p.m.). 
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[00124] 5) Mannose residues are attached to each other "head-to-tail", forming a (l-*4) 
backbone chain. 

[00125] 6) There are unsubstituted Man-Man pairs along with substituted, Man (Gal)- 
Man, Man-Man (Gal), and Man (Gal)-Man (Gal); the NMR spectra of galactomannans 
from guar gum, carob gum, and clover seeds in the region of C-4 (Man) resonance (split 
into three peaks) show, that the highest peak at high field (corresponding to unsubstituted 
Man-Man pairs) is observed for a galactomannan from carob gum (Man/Gal = 3.8); the 
lowest peak corresponds to a galactomannan from clover seeds (Man/Gal = 1.4), and the 
intermediate peak corresponds to the galactomannan of the invention (a galactomannan 
from guar gum, Man/Gal = 1.7). 

[00126] 7) The ratio of mannose to galactose in the galactomannan of the invention (the 
galactomannan from guar gum) was 1.7 (that was the integral intensity ratio of C-1 signal of 
mannose and galactose, and also calculated from dual frequencies for unsubstituted and 
substituted Man residues, measured from C-4 (Man) resonance. 

[00127] 8) The relative frequency of unsubstituted Man-Man pairs was 22%, that of Man 
(Gal)-Man and Man-Man (Gal) total was 48%, and of totally substituted pairs Man (Gal)- 
Man (Gal) was 30% (from intensities of the split C-4 signals into respective three 
lines/peaks). 

[00128] Figure 5 shows the quantitation and molecular weight of the galactomannan of the 
present invention by HPLC/RI-MALLS (high performance liquid chromatography/ 
refractive index-multi-angle laser light scattering). 

[00129] High Performance Liquid Chromatography (HPLC) using Gel Permeation 
Chromatography (GPC) separation technology (also known as Size Exclusion 
Chromatograpy - SEC) is a well-established technique for the characterization of polymers. 
GPC in combination with Multi- Angle Laser Light Scattering (MALLS) and Refractive 
Index (RI) detection is a powerful tool for the determination of absolute molecular weights 
of polym.eric carbohydrates. The application of light scattering detection eliminates the 
necessity for time-consuming conformation-dependent calibrations of the GPC system. 
Another advantage of GPC-MALLS over classical GPC is that besides molecular weights, 
additional information concerning radii and conformation in solution can be followed. 
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[00130] The principle of the GPC-MALLS method is based on the fact that Ught is more 
strongly scattered by large molecules than by small molecules. During the chromatographic 
run, the MALLS detector measures the degree of light scattering of a laser beam with 
detectors placed at fifteen different angles. The output of the light scattering detector is 
proportional to the multipUcation of the concentration and the molecular weight of 
macromolecules. Therefore, the shape of the light scattering peak is asymmetric. Further, it 
does not coincide with the RI peak, because the RI detector signal is proportional to the 
concentration only (see HG. 5). At any elution time the molecular weight of the polymer 
eluting from the column can be calculated from the quotient of MALLS and RI signals. A 
graph of the molecular weight versus the elution volume is obtained and (average) molecular 
weights and molecular weight distributions can be calculated. 

[00131] The present investigators have adapted the GPC/IR-MALLS technique to 
quantitate the drug substance and characterize the molecular weight average and distribution 
throughout the R&D and scale up phases for the invention. The use of the MALLS 
analysis removes many factors interfering with MW estimation by the "Classical GPC". 
GPC separations are based on differences in hydrodynamic volume instead of differences 
in molecular weight. Differences in molecular conformation, e.g. branching in dextrans, can 
strongly influence the hydrodynamic volume. Secondly, GPC elution of positively or 
negatively charged polymers can be non-ideal because of repulsion or attraction by the 
stationary phase. The GPC-MALLS results are not affected by these chromatographical 
drawbacks, and absolute molecular weights are obtained. 

[00132] The use of dual monitoring of the HPLC elution profile of the galactomannan of 
the invention provides two important chemical specifications, e.g., quantitative measurement 
by the Refractive Index signal and the absolute molecular weight by the MuW Angle Laser 
Light Scattering (MALLS) detector. Furthermore, these chromatograms can provide data 
on molecular stabUity and breakdown derivatives of the galactomannan of the invention. 



Example 2 



[00133] Purification and Manufacturing Process 
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[00134] Shown in FIG. 5 is a flow chart of an example for a purification and 
manufacturing process for a galactomannan of the present invention. High grade Guar gum 
is dissolved in warm water at 1% at 45 Oc for 2 hr. The pH is reduced to 2.2 with 1 M HCl 
and solution is heated to 95 Oc for - 2 hours. Then pH is adjust to 5.8 with 1 M NaOH. 
The solution is tiien cool to 20 Oc and filter with glass filter. Next CuS04/Na-K tartrate is 
added and the precipitate is collected on 200 mesh filter, wash with water solution and than 
washed in 5% HCl in 96% EtOH. Than washed with 75% EtOH and twice with 96% 
EtOH. And finally vacuum freeze-dried as white solids. Galactomannan, from a readily 
available source (e.g., Guar gum), was selected for process optimization and manufacturing. 
The soluble galactomannan oligomer was tested in-vivo (in animals) for both efficacy and 
overall reduction of toxicity. 

[00135] The manufacturing process described above produces a product in the form of a 
highly soluble oligomer of Galactomannan (GM) from certified premium Guar Gum 
powder (from seeds of Cyamopsis tetragonoloba). The process is designed to generate a 
highly pure soluble and homogeneous oligomer with an average molecular weight in the 
range of about 48,000 daltons, and mannose to galactose ratio in ttie range of about 1:7. 
The process incorporates four major phases; controlled depolymerization to produce the 
desired galactomannan oligomer and three purification steps, removal of insoluble 
impurities, removal of water soluble impurities, removal of organic soluble impurities, and 
finally freeze drying to generate a pure and stable form of galactomannan powder. 

[00 1 36] Galactomannan can be packaged and delivered as a sterile concentrated solution in 
a single use vial, while bulk galactomannan can be produced and stored as powder. The 
process described herein is for both bulk drug and final drug product. The galactomannan 
drug product can be combined and administered together with a pharmaceutical like 5- 
fluorouracil to form the active mgredients of a pharmaceutical preparation. The drug 
product contains normal saline for infusion (about 0.9 M sodium chloride in water) and has 
apH of about 6.5. 

Examples 3-5 

[00137] Efficacy Studies 

[00138] The galactomannan of the present invention is a galactomannan derivative 
comprising exposed galactose moieties attached to a mannose backbone. The compound is 
thought to interact with galactose-binding lectins or galectins that are generally located on 
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cell surfaces. Lectins are carbohydrate-binding proteins, typically located on the cell 
surface, which mediate various types of cellular interactions. It is generally accepted that 
lectins mediate many biological recognition events in plants and in animal tissues, and in 
tumor cell lines. Lectins play a role in cell-cell adhesion, and in the organization of die 
extracellular matrix. At the cell surface, lectins can act as receptors involved in selective 
intercellular adhesion and cell migration, recognition of circulating glycoproteins, and 
modulation of cell-cell and cell-matrix interactions. Galectins are members of a family of (3- 
galactoside-binding lectins with related amino acid sequences. Galectins and lectins have 
been the target of many experimental agents (monoclonal antibodies, simple sugars, and 
some polysaccharides, such as pectins) which allegedly interact with them on the cancer cell 
surface. The use of some of these agents has been shown to result in inhibition of tumor 
cell colony development. 

[00 1 39] Because of its rather simple and relatively regular structure, the galactomannan of 
ttie invention can be distinctly identified and characterized, unlike many known 
polysaccharides. Its exposed galactose residues can readily interact with biological targets, 
such as lectins and galectins, thereby modulating signal transduction, cell-cell interactions or 
other functions. It thus can block the actions of galectins (or other receptors), thereby 
competing with their specific (or non-specific) ligands. When combined and administered 
with 5-FU, the galactomannan of the invention enhances the antineoplastic effects of 5-FU 
in animal models of colorectal cancer, although the precise mechanism has yet to be defined. 
[00140] For over 40 years, 5-fluorouracil (5-FU) has been the standard first-line agent 
used either alone, or in combination with, other agents in the treatment of metastatic 
colorectal cancer. Preliminary animal studies with a variety of soluble galactomannan 
oligomers have shown promising response to the combination therapy of 5-FU and 
galactomannan with mannose to galactose ratio of 1:7, 

[00141] Three non-clinical pharmacology studies were conducted to assess the effects of 
the galactomannan of the invention alone or in combination with 5-FU in tumor-bearing 
mice. Results from two separate experiments in athymic MCr-nu mice implanted with 
human colon tumor COLO 205 indicated diat the galactomannan of die invention enhanced 
the antineoplastic action of 5-FU. 

Example 3 

[00142] Greater Decrease in Tumor Growtii When Anti-Tumor Drug 5-FU Administered 
in the Presence of Galactomannan 
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[00143] In this study, using human colon tumor COLO 205 in athymic MCr-nu mice 
indicated that intravenous injections of 5-FU significantly decreased tumor growth. The 
results of this study are summarized in FIG. 7. However, when the galactomannan of the 
invention at 120 mg/kg/day (360 mg/m2) combined with the above dose of 5-FU was 
administered, the tumor growth was further decreased for both mean tumor size and growth 
rate. The time required to quadruple tumor weight increased from 23.5 days for 5-FU alone 
to 56.0 days for the galactomannan of the invention / 5-FU combination versus 12.5 days 
for the control (untreated) animals. The results of this study are sununarized in FIG. 8. 
The both studies were conducted as follows. 

[00144] The galactomannan from Cyamopsis tetragonoloba was administered 
intravenously (i.v,) once every four days for a total of three injections (q4d x 3) at a doses 
of 120 mg/kg/dose (360 mg/m2/dose), or was co-administered as one injection with 5-FU 
on the same q4d x 3 treatment schedule at doses of 120 mg/kg/dose of GM and 75 
mg/kg/dose (225 mg/m2/dose) of 5-FU. 5-FU alone was administered i.v. on the same q4d 
X 3 treatment schedule at doses of 75 mg/kg/dose (225 mg/m2/dose). 5-FU was 
formulated in saline fresh on each day of treatment at a concentration of 3.75 mg/mL, at pH 
9.2. In the groups where GM and 5-FU were co-administered, GM powder was dissolved 
in the 5-FU solution to yield the GM concentration of 6 mg/mL and 5-FU concentration of 
3.75 mg/mL. Both individual compounds and their mixture were administered according to 
exact body weight with injection volume being 0.2 mL/10 g body weight. 

[00145] There were a total of four groups of 10 animals each, s.c. -implanted with COLO 
205 human colon tumor xenografts. The groups were treated on day 13 after tumor 
implantation on q4d x 3 schedule as follows: 1) saline (NaCl, 0.9%), 2) 5-FU (75 
mg/kg/dose), 3) GM (120 mg/kg/dose), 4) 5-FU (75 mg/kg/dose) + GM (120 
mg/kg/dose). 

[00 146] Control untreated tumors grew well in all mice, with a median to quadrupling of 
tumor volume equal to 12.5 days. There was no tumor regression after 56 days of the 
study, and there was practically no tumor reduction. Median tumor volume increased from 
111 nmi3 at treatment initiation (in this case with saline only) to 2058 mm3 after 5-8 weeks. 
Mean survival time was equal to 14.2 days. 
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[00147] A dosage of 75 mg/kg/dose of 5-FU (i.^.., 225 mg/kg total dose over 8 days) was 
in excess of the maximum tolerated dosage and produced treatment-related deaths for three 
of ten mice within two weeks. The treatment caused a delay in a median to quadrupling of 
tumor volume from 12.5 to 23.7 days. Again, there was no tumor regression after 56 days 
of the study; however, two relatively small tumors were observed that grew from 75 mm3 
each at initiation of treatment to 126 mm3 and 567 nim3 by the end of the study. Median 
tumor volume increased from 101 mm3 at treatment initiation to 2254 mm3 after 56 days of 
the study. Mean survival time shifted from 14.2 days (control, untreated animals) to 23 J 
days. 

[00148] GM, at a dosage of 120 mg/kg/dose administered alone on a q4d x 3 schedule, 
was well tolerated. No deaths or body weight loss was observed. The median to 
quadrupling of tumor volume equaled 15.5 days, that is slightly longer than the value for 
untreated animals (12.5 days). There was no tumor regression after 56 days of study, 
however, two relatively small tumors (compared to median tumor volume) were observed 
that grew from 100 mm3 and 126 mm3, at initiation of treatment, to 270 mm3 and 729 m3, 
respectively, by the end of the study. Median tumor volume increased from 100 mm3 at 
treatment initiation to 1813 mm3 after 56 days of the study, that is noticeably less compared 
to 2058 mm3 for untreated animals, and 2254 mm3 for 5-FU (75 mg/kg/dose)-treated 
animals. Mean survival time was prolonged from 14.2 days (control, untreated animals) to 
19.2 days. 

[00149] Co-administration of GM (120 mg/kg/dose) and 5-FU (75 mg/kg/dose) on a q4d 
X 3 schedule brought a remarkable effect. It caused a significant delay in quadrupling of 
tumor volume, from 12.5 days for untreated animals (control) and 23.7 and 15.5 days for 5- 
FU alone and GM alone, respectively, to 56.0 days for their combination. There was one 
tumor that completely disappeared by the end of the study. This tumor went from the mitial 
75 mm3 to 126 nmi3 on the ttiird day after the first injection to 144 mm3 after the second 
and third injections, and, after two weeks on the study, decreased to barely detectable, and 
then completely disappeared. Two more tumors were relatively small in size, that is less 
than 20% of that of control value, by the end of the study. Overall, median tumor volume 
increased from 1 1 1 mm3 at treatment initiation to only 379 mm3 after 56 days of study, a 
value significantly less than tfiat for untreated animals or animals treated with 5-FU alone. 
Mean survival time increased from 14.2 days (control, untreated animals) and 23.7 days (5- 
FU treatment) to 44.2 days for the combination treatment. 
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Example 4 

[001 50] Compatibility of Galactomannan / 5-FU with Leucovorin 

[0015 1] A second study using COLO 205 tumors in mice evaluated the compatibility of 
the investigator's galactomannan/ 5-FU with Leucovorin (given orally, 25 mg/kg/dose) and 
dose escalation of galactomanna from 6 to 600 mg/kg/day (or 18 to 1800 mg/m2). The 
combination of 5-FU + galactomannan (at 48 mg/kg and 120 mg/kg, respectively) had the 
best anti-tumor response for both mean tumor size and time required to quadruple tumor 
weight, being superior to the 5-FU alone or 5-FU + Leucovorin combination. 

[00152] The principal differences with the study described in Example 3 were that (a) the 
galactomannan was from another source, of a different size (molecular weight) and with a 
different Man/Gal ratio, (b) there were four consecutive injections, not three, (c) there were 
four doses of the galactomannan tested, not one, (d) 5-FU was administered (i.v.) in 48 
mg/kg/dose, not 75 mg/kg/dose, as in the first study, and (e) galactomannan (i.v. injection) 
was compared with leucovorin (oral gavage, administered two hours after 5-FU) in terms of 
efficacy and toxicity. The galactomannan firom C. tetragonoloba was administered 
intravenously (i.v.) once every four days for a total of four injections (q4d x 4) at a dosage 
of 120 mg/kg/dose (360 mg/m2/dose) or was co-administered as one injection with 5-FU 
on the same q4d x 4 treatment schedule at a dosage of 6, 30, 120, and 600 mg/kg/dose (18, 
90, 360, and 1800 mg/m2/dose, respectively) of GM and 48 mg/kg/dose (144 mg/m2/dose) 
dose of 5-FU. 5-FU alone was administered i.v. on the same q4d x 4 treatment schedule at 
dosages of 48 mg/kg/dose. 5-FU was formulated in saline fresh on each day of treatment at 
a concentration of 4.8 mg/mL, at pH 9.2. In the groups where GM and 5-FU were co- 
administered, GM powder was dissolved in the 5-FU solution to yield the GM 
concentration of 0.6, 3.0, 12, and 60 mg/mL and S-FU concentration of 4.8 mg/mL. 
Leucovorin powder (clinical formulation, Leucovorin calcium for injection) was 
reconstituted with water for injection to yield a concentration of 10 mg/mL. On each day of 
treatment the stock solution was diluted with water for injection to yield a concentration of 
2.5 mg/mL. 5-FU and GM and their mixture with each other and leucovorin were 
administered by exact body weight with injection or p.o. volume being 0.1 mL/10 g body 
weight. 

[00153] Two more combination-treatment groups were also included in the study. One 
group of mice was treated with 5-FU (48 mg/kg/dose, i.v., q4d x 4), followed by oral gavage 
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(p.o.)with leucovorin, administered two hours after 5-FU at a dosage of 25 mg/kg/dose. 
Another two groups of mice were treated with 5-FU in a combination with the 
galactomannan (48 mg/kg/dose and 120 mg/kg/dose, respectively, i.v., q4d x 4), followed by 
p.o. leucovorin treatment, administered at a dosage of 25 mg/kg/dose two hours after 5-FU 
plus the galactomannan. 

[00154] There were a total of nine groups of 10 animals each, s.c.-implanted with COLO 
205 human colon tumor xenografts. The groups were treated on day 14 after tumor 
implantation on q4d x 4 schedule as follows: 1) Saline (NaCl, 0.9%), 2) 5-FU (48 
mg/kg/dose), 3) GM (120 mg/kg/dose), 4) 5-FU (48 mg/kg/dose) + GM (6 mg/kg/dose), 
5) 5-FU (48 mg/kg/dose) + GM (30 mg/kg/dose), (6) 5-FU (48 mg/kg/dose) + GM (120 
mg/kg/dose), (7) 5-FU (48 mg/kg/dose) + GM (600 mg/kg/dose), (8) 5-FU (48 
mg/kg/dose) -i- leucovorin (oral, 25 mg/kg/dose), and (9) 5-FU (48 mg/kg/dose) + 
leucovorin (oral, 25 mg/kg/dose) + GM (120 mg/kg/dose). The last two groups were 
introduced to compare the effect of leucovorin with that of the galactomannan. 

[00155] No mice died in this study. As in the study, described in Example 3, control 
untreated tumors grew well in all mice. The median to quadrupling of tumor volume equaled 
7.2 days. No tumor regression or reduction occurred after 13 days of the study. Median 
tumor volume increased from 162 mm3 at treatment initiation (in this case with saline only) 
to 1288 mm3 after 13 days. 

[00156] A dosage of 48 mg/kg/dose of 5-FU (that is, 192 mg/kg total dose over 12 days) 
was well tolerated and produced some growth delay in the median to quadrupling of tumor 
volume, increasing it from 7.2 to 8.7 days. Two tumors in the group of 10 mice were 
significantly (three times or more) smaller, compared with the median tumor size, after 13 
days of treatment, growing from 100 and 163 mm3 at initiation of treatment to 270 mm3 
and 138 mm3, respectively, by the end of the study. Median tumor volume increased from 
172 mm3 at treatment initiation to 800 mm3 after 13 days of the study, less than the control 
value 1288 mm3. 

[00157] GM at a dosage of 120 mg/kg/dose administered alone on a q4d x 4 schedule did 
not delay growth (the median to quadrupling of tumor volume equaled 6.9 days, compared 
to that of 7.2 days in the control group). No tumor regression occurred after 13 days of 
smdy, and no relatively small tumore (compared to median tumor volume) were observed. 
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Median tumor volume increased from 157 mm3 at treatment initiation to 1 152 mm3, a value 
essentially equal to that of the untreated animals (1288 mm3). 

[00158] Co-administration of 5-FU (48 mg/kg/dose) and GM (6. 30, 120, and 600 
mg/kg/dose) on a q4d x 4 schedule was well tolerated at all dosages tested. It caused a 
significant delay in quadrupling of tumor volume, from 7.2 days for untreated animals 
(control) and 8.7 and 6.9 days for 5-FU alone and GM alone, to 14.8, 13.5, 16.5, and 16.2 
days, respectively. The best results were obtained with a combination of 5-FU and the 120 
mg/kg/dose galactomannan, which resulted in a median tumor volume of 540 mm3 at day 
13, the day after the final day of treatment, compared with that of 800 nmi3 for 5-FU 
treatment alone. Also, median days to quadrupling of tumor volume was almost twice as 
much for the 5-FU + GM 120 mg/kg/dose than for the 5-FU alone. 

[00159] Treatment with 5-FU in the presence of leucovorin did not add anything to the 
efficacy of the drug. Median days to quadrupling of tumor weight even decreased from 8.7 
days to 8.2 days, and tumor weight at Day 13 from treatment initiation slightly decreased as 
median (from 800 mg to 775 mg), but noticeably increased as mean (from 734 mg to 969 
mg). Addition of the galactomannan 120 mg/kg/dose to the combination of 5-FU and 
leucovorin only slightly improved the situation, by increasing median days to quadrupling 
of tumor weight back to 8.7 days, and slightly decreasing tumor weight at Day 13 from 800 
mg (5-FU) and 775 mg (5-FU/leucovorin) to 725 mg as median, and from 734 mg and 969 
mg, respectively, to 706 mg as mean. 

Example 5 

[00160] Anti-Tumor Efficacy of Combinations of 5-FU and Galactomannan at Different 
Dosages 

[00161] A second human colon tumor, HT-29, in NU/NU-nuBR nude mice was studied to 
evaluate the anti-tumor efficacy of the combinations of 5-FU at 48 mg/kg/dose, 
galactomannan at 30 and 120 mg/kg/dose given I.V. every 4 days for a total of four 
injections. All groups received oral leucovorin, 25 mg/kg/dose. At Day 33, the mean tumor 
volume was lowest for 5-FU + leucovorin + galactomannan 120 mg/kg. These findings 
demonstrated that the galactomannan enhanced the anti-tumor activity of 5-FU in the 
presence of leucovorin. The results of this study are sunmiarized in FIG. 10. 
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[00162] The results of all three efficacy studies are summarized together in FIG. 1 1 for 
comparison. 

[00163] The principal differences from the second study were that (a) another tumor (HT- 
29) was used, and (b) leucovorin was added to the treatment regimen. The GM was co- 
administered i.v. via tail vein injection once every four days for a total of four injections 
(q4d X 4) at a doses of 30 and 120 mg/kg/dose as one injection with 5-FU (48 mg/kg/dose), 
followed by oral gavage (p.o.) of leucovorin, administered two hours after the injection, at a 
dose of 25 mg/kg/dose on the same q4d x 4 schedule. GM or 5-FXJ were administered also 
on the same q4d x 4 treatment schedule at doses of 120 mg/kg/dose (GM) or 48 
mg/kg/dose (5-FXJ), followed by 25 mg/kg of leucovorin, administered two hours later. 

[00164] GM was formulated in 0.9% sterile saline fresh on each day of treatment at a 
concentration of 12 mg/mL. Leucovorin powder (clinical formulation, Leucovorin calcium 
for injection) was reconstituted with 0.9% sterile saline to yield a concentration of 2.5 
mg/mL. 5-FLJ was formulated in 0.9% sterile saline fresh on each day of treatment at a 
concentration of 4.80 mg/mL, at pH 9.2. In the groups where GM and 5-FU were co- 
administered, GM powder and 5-FU were dissolved in 0.9% fresh saline to yield the GM 
concentration of 3.0 mg/mL or 12 mg/mL, and 5-FU concentration of 4.80 mg/mL. Both 
individual compounds and their mixture were administered according to exact body weight 
with injection volume being 0.1 mL/10 g body weight. 

[00165] There were a total of five groups of 10 animals each, s.c.-implanted with HT-29 
human colon carcinoma xenografts. The groups were treated on day 7 after tumor 
implantation on q4d x 4 schedule as follows: 1) Saline (NaCl, 0.9%), 2) GM (120 
mg/kg/dose) + leucovorin (p.o., 25 mg/kg/dose), 3) 5-FU (48 mg/kg/dose) + leucovorin 
(p.o., 25 mg/kg/dose), 4) 5-FU (48 mg/kg/dose) + GM (30 mg/kg/dose) + leucovorin (p.o., 
25 mg/kg/dose), and 5) 5-FU (48 mg/kg/dose) + GM (120 mg/kg/dose) + leucovorin (p.o., 
25 mg/kg/dose). 

[00166] As in the two preceding studies, control (untreated) tumors grew well in all mice, 
with a median of 13.3 days for quadrupling of tumor volume. Median tumor volume 
increased from 196 mm3 at treatment initiation (day 7 after tumor implantation) to 
1318 mm3 after 26 days. 
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[00167] A dosage of 48 mg/kg/dose of 5-FU (192 mg/kg total dose over 12 days of the 
treatment) along with an oral administration of leucovorin as described above was within the 
maximum tolerated dosage, producing no treatment-related deaths in die group of ten mice 
within three weeks. The treatment caused a delay of two days for the quadrupling of tumor 
volume (from 13,3 to 15.3 days). Median tumor volume increased from 179 mm3 at 
treatment initiation to 1 120 mm3 on Study Day 26. Co-administration of 5-FU with GM 
(30 mg/kg/dose), along with an oral dose of leucovorin as described above, brought further 
delay in tumor growth, particularly in the first half of the study: quadrupling of the tumor 
from 15.3 days without GM to 18.1 days with GM. 

[00168] Increasing the GM dose to 120 mg/kg/dose in co-administration with 5-FU on a 
q4d X 4 schedule along with an oral administration of leucovorin, as described above, again 
produced a significant delay in quadrupling of tumor volume: from 13.3 days for untreated 
control animals and 15.3 days for 5-FUAeucovorin-treated animals to 23.5 days for animals 
treated with all three drugs. Furthermore, when all three drugs were used in combination, 
one tumor completely disappeared four weeks after treatment initiation, two more tumors 
were of a relatively small size (269 and 352 nmi3) by the end of the study, and three 
additional tumors were practically stabilized at a volume of well below 1000 mm3. Overall, 
median tumor volume increased from 176 mm3 at treatment initiation to only 729 rrmi3 at 
Study Day 26 (significantly less than the 1318 mm3 for untreated animals, and 1 120 mm3 
for 5-FU plus leucovorin-treated animals). 

Example 6 

[00169] Biodistribution Studies 

[00170] The biodistribution of 3H-galactomannan was studied in tumor-bearing and non- 
tumor bearing mice. Major findings from this study indicated that tritiated galactomannan 
freely binds to liver, kidney, lung, tumor, and plasma. Saturation of binding did not occur at 
concentrations of 6 to 60 mg/kg (18 to 180 mg/m2). Tissue distribution of 
[00171] 3H-galactomannan was independent of the injected dose and did not change its 
pattern when 5-FU (342 mg/m2) was combined with 3H-galactomannan. 3H- 
galactomannan elimination from plasma, kidneys, lungs and tumor in the various groups 
was rapid, an average of approximately 50% of the one-hour radioactivity was detected at 
six hours except in tumor-bearing mice, where the radioactivity in tumor samples from mice 
treated with 6 or 60 mg/kg of 3H-galactomannan with or without 5-FU averaged 
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approximately 72% remaining after six hours. Elimination of 3H-galactomannan from the 
liver was more gradual than in other tissues, and on average, more than 50% of the 
radioactivity detected at one hour after injection was still present at 24 hours. 

[00172] Male NCr-nu athymic nude mice (Charles Rivers Laboratories, Raleigh, NC) were 
accUmated and housed as described above. The first set of animals (a total of 18 mice) were 
non-tumored mice. The second set of 18 mice were tumored as follows. Thirty to forty mg 
fragments from an in vivo passage of COLO 205 human colon tumor were implanted 
subcutaneously (s.c.) in mice as described above, and allowed to grow. Tumors were 
allowed to reach 245-392 mg in weight before the start of treatment. A sufficient number of 
mice were implanted so that tumors in a weight range as narrow as possible were selected 
for the trial on the day of treatment initiation. Those animals selected with tumors in the 
proper size range were divided into the various treatment groups. 

[00173] Tritiation of GM from G. triacanthos was performed as follows. 12.8 mg of GM 
was dissolved in 2.0 mL of water and exposed to 25 Curies of tritium gas in the presence of 
Pd/BaS04 catalyst (120 mg, totally insoluble in water). After one hour the gas supply was 
removed, the catalyst was filtered away, and the aqueous solution of GM was evaporated to 
dryness repeatedly (four-fold, adding water), until no labile tritium was found. Total yield of 
the labeled GM was 3.8 mCi, specific radioactivity was 300 |jiCi/mg. 

[00174] All 36 mice, divided into 18 groups, were given a single intravenous injection of 
cold or tritiated GM (either 6 or 60 mg/kg) or of a combination of GM (60 mg/kg, cold or 
tritiated) and 5-FU (1 14 mg/kg) on the same day. Non-labeled GM was formulated in 
saline, and tritiated GM was added to the solution so that each animal received 10 \xCi of 
radioactivity. 5-FU was dissolved in the solution containing GM (at a concentration of 6 
mg/mL). All dosing solutions (100 \iL each) were counted in duplicate. 

[00175] Two mice per group were bled at 1, 6, and 24 hrs after injection, and plasma was 
prepared. Animals were then sacrificed; livers, kidneys, lungs, and tumors (from tumored 
animals) were collected, weighed and flash-frozen for ftirther analysis. 

[00176] After weighing, livers were dissolved in 10 mL of Soluene 350 (Packard 
Instruments, Downers Grove, IL) and incubated first for 4 hrs at 500C, and at room 
temperature, until tissues were solubilized. One millilter of the resulting solution was 
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counted in a scintillation counter as a single sample. Based on tissue weight and the sample 
volume, the number of ^iCi of tritiated GM per gram of tissue was calculated. 

[00177] Kidneys were treated in the same manner, but dissolved in 2 mL of Soluene. After 
the tissue was solubilized at room temperature, 15 mL of Safety Solve scintillation fluid 
(Research Products International, Mount Prospect, IL) was added and samples were 
incubated ovemight. Five mL of the resulting solution were diluted in 15 mL of Safety 
Solve and counted in a scintillation counter as a single sample. Lungs were treated in the 
same manner but dissolved in 1 mL of Soluene. Plasma samples (50 \xL each) were placed 
direct into Safety Solve and counted as a single sample. 

[00178] After weighing, tumors were dissolved in one or two milliliters of Soluene and 
incubated for three days at 500C to solubilize. Fifteen milliliters of Safety Solve were then 
added and samples were incubated ovemight at room temperature. Two milliliters of water 
were then added and samples were counted in a scintillation counter as a single sample. 

[00179] Male NCr-nu athymic nude mice were divided into two principal sets, 18 animals 
in each. The first set of animals were non-tumored mice. The second set were tumored as 
follows. Thirty- to -forty mg fragments from an in vivo passage of COLO 205 human colon 
tumor were implanted subcutaneously (s.c.) in mice as described above, and allowed to 
grow. Tumors were allowed to reach 245-392 mg in weight before the start of treatment. A 
sufficient number of mice were implanted so that tumors in a weight range as narrow as 
possible were selected for the trial on the day of treatment initiation. Those animals selected 
with tumors in the proper size range were divided into the various treatment groups. 

[00180] All 36 mice, divided into 18 groups, were given a single intravenous injection of 
cold or tritiated GM (either 6 or 60 mg/kg) or of a combination of GM (60 mg/kg, cold or 
tritiated) and 5-FU (1 14 mg/kg) on the same day. Tritiation of GM (with the resulting 
specific activity of 300 |LiCi/mg) is described above. Cold GM was formulated in saline, and 
tritiated GM was added to the solution so that each animal received 10 \iCi of radioactivity. 
5-FU was dissolved in the solution containing GM (at a concentration of 6 mg/mL). 

[00 1 8 1 ] Two mice per group were bled at 1 , 6, and 24 hrs after injection, and plasma was 
prepared. Animals were then sacrificed; livers, kidneys, lungs, and tumors (from tumored 
animals) were collected, weighed and flash-frozen for further analysis, as described above. 
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[00182] It was observed that the galactomannan freely binds to liver, kidney, lung, tumor, 
and plasma, and did not reach limits of the binding, e.g., did not reach saturation of the 
binding between the 6 mg/kg and 60 mg/kg doses. When 6 mg/kg (with a relative 
radioactivity of 1.0) and 60 mg/kg (with a relative radioactivity of 0.1) doses of the 
galactomannan were administered, the amount of bound radioactive galactomannan was the 
same; that is, the amount of bound galactomannan increased 10-fold for the 10-times higher 
dose. 

[00 183] The distribution of radioactivity in whole tissues as well as per weight or volume 
(in plasma) was practically identical for 6 and 60 mg/kg of GM, hence, the respective data 
were pooled. Also, the distribution of radioactivity in whole tissues as well as per weight or 
volume (in plasma) was practically identical for tumored and non-tumored animals (except 
in tumors, that obviously were present only in tumored animals), hence, the respective data 
were pooled. Overall, the data were averaged for eight animals, except the data for tumors, 
that are average for four animals. 

[00184] The principal results of the study were as follows: 

[00185] In the presence of 5-FU the amount of GM in the tumor increases, and stays 
increased in the course of clearance of GM; and 

[00186] In the presence of 5-FU the amount of GM in the liver decreases, and stays 
decreased in the course of clearance of GM. 

[00187] That is, 5-FU and GM work in a synergism when delivered into the tumor. This 
might explain why GM in a combination with 5-FU mcreases efficacy of the drug against 
COLO 205 human colon tumor, bearing by mice (see above). 

[001 88] At the same time, 5-FU and GM work as antagonists (apparendy, compete with 
each other for the same binding sites in the liver) when delivered into the liver. 

Examples 7-9 

[00189] Acute Toxicology Studies 
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[00190] Acute toxicology studies of the galactomannan of the present invention were 
performed in mice, rats and dogs and subchronic toxicology studies were performed in rats 
and dogs. The following is a summary of the findings of these studies: 
[00191] Single IV doses of 1500 mg/m2 (336 mg/m2) of galactomannan or 417/222 
mg/kg (1251/666 mg/ni2) 5-FU/galactomanna produced no clinical signs of toxicity, death 
or decreased weight gain in mice (n=5 /group), while 409 mg/kg (1227 mg/m2) 5-FU 
caused death in 3/5 mice after 13-16 days. 

[00192] In rats (n=5/sex/group), single IV doses of 140 mg/kg (840 mg/m2) 5-FU, 72 
mg/kg (432 mg/m2) galactomannan or 140/72 mg/kg of the combination produced no 
deaths in any of the groups. Toxic changes in body weight, feed consumption, and 
hematology were somewhat less severe m the rats injected with the combination, versus 
those injected with 5-FU alone. Galactomannan alone produced no significant untoward 
effects. 

[00193] Single IV injections of 28.5 mg/kg (570 mg/m2) 5-FU, 15 mg/kg (300 mg/m2) of 
galactomannan or 28.5/15 mg/kg of 5-FU/galactomannan resulted in the death of 2/2 dogs 
injected with 5-FU, 2/4 dogs injected with the combination and 0/2 dogs receiving 
galactomaiman alone. The surviving dogs remained clinically normal and had no treatment- 
related changes in body weight, feed consumption, ECG tracings, clinical pathology or 
gross tissue changes during the 21 -day study period. 

Example 7 

[00194] Sub-Chronic Rat Study 

[00195] In the 28-day subchronic rat study performed with research grade unfiltered 
galactomannan , single daily IV doses of 10 mL/kg saline, 48 mg/kg (288 mg/m2) 5-FU, 48 
mg/kg (288 mg/m2) galactomannan or 24/13 mg/kg (144/78 mg/m2), 36/19 mg/kg 
(216/1 14 mg/m2) or 48/25 mg/kg (288/150 mg/m2) of the 5-FU/galactomannan 
combination were given at a rate of 1 mL/min for four consecutive days. The four doses of 
5-FJ produced mortality (7/8 with 48 mg^kg 5-FJ; 1/8, 2/8 and 7/8 with 24/13, 36/19 and 
48/25 mg/kg 5-FU/galactomannan, respectively). 

[00196] Alopecia, severe transient decreases in body weight and feed consumption, and 
transient depression of erythrocyte parameters and platelets were observed in all groups 
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receiving 5-FU. Lesions in unscheduled-death animals were primarily due to the expected 
action of 5-FU on the hematopoietic and lymphoid systems, with secondary bacterial 
invasion and disseminated hemorrhage due to effects on coagulation. At the study day 5 
necropsy, lesions included pronounced hypocellularity of the bone marrow, lymphoid 
atrophy of the thymus and atrophy of villi in the various segments of the small intestine (all 
considered due to the expected action of 5-FU). With the exception of the mild 
granulomatous foci in the lungs, treatment-related histopathological lesions were resolved in 
animals sacrificed at study day 29 (only one female survived in Group 2 and Group 6). 

Example 8 

[00197] Repeat Dose Rat Study 

[00198] Studies with repeat dose I.V. in rats with up to 52-day recovery period was 
performed using filtered GMP grade galactomannan material containing 48 or 96 mg/kg 
(288 or 576 mg/m2). Five animals of each sex were sacrificed at days 5, 28 and 56. The 
audited draft report showed that histologic findings in the lung of one rat diat was sacrificed 
on day 5 suggested intravenous administration of galactomannan at 96 mg/kg was 
associated with a low incidence of trace-level granulomatous inflammation of the lung of 
rats that- were dosed for four consecutive days and sacrificed at day 5. Male rats given 
galactomanna at 96 mg/kg (a dose 2-fold greater than the highest dose used in the first 
study) and sacrificed on day 28 had an increased incidence of trace-level interstitial 
inflammation in the lungs but had no histologic evidence of granulomatous inflammation. 
Male rats given galactomannan at 96 mg/kg and sacrificed on day 56 had an increased 
incidence of trace-level alveolar macrophage accumulation but again, no histologic evidence 
of granulomatous inflanmiation. 

[00200] The galactomannan of the invention has minimal histological effects witii only 1/30 
rats injected with 48 mg/kg dose of the GMP galactomannan clinical solution having 
granulomatous inflammation. None of the 30 rats injected with the 96 mg/kg dose of the 
GMP galactomannan clinical solution were affected. It was concluded that galactomannan 
clinical solutions, up to a dose of 15 mg/kg (555 mg/m2; 9 mg/mL), is safe for human use 
and poses no undue risk to health. 

Example 9 
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Canine Dog Study 

[00201] In a 28-day canine study, single daily IV doses of saline, 6 mg/kg (120 mg/m2) 
5-FU and (500 mg/m2 (240 mg/ni2) galactomannan or 4/2 mg/kg (80/40 mg/m2), 6/3.2 
mg/kg (120/64 mg/m2) or 6/6 mg/kg (120/120 mg/m2) 5-FU/galactomannan were injected 
for four consecutive days to six groups of beagle dogs Mortality occurred in 13 of 48 
dogs (five moribund sacrifices and eight found dead) between Study Days 2 and 5 (4/4 
males on 5-FU; 3/4 males in the 4/2 mg/kg 5-FU/galactomannan group; 2/4 males and 1/4 
females in the 6/3.2 and 6/6 mg/kg 5-FU/galactomannan groups, respectively). 

[00202] Adverse effects in 5-FU groups included ataxia, prostration, vocalization, 
convulsions, tremors, hypersensitivity to touch, aggressive behavior (resulting in only three 
doses being given to the 6/3.2 5-FU/galactomanna group), emesis, salivation, soft stools and 
decreased red cell parameters and platelet counts. Gross/microscopic changes in 
unscheduled-death animals included congestion of one or more organs (suggesting 
cardiovascular dysfunction) and atrophy of the mucosa of the GI tract. At the day 5 
necropsy, treatment-related histological changes were largely limited to the 5-FU females. 
At day 29 necropsy, there were no remarkable changes in the survivors. Galactomannan at 
500 mg/m2 produced no observed adverse effects. 

Example 10 

[00203] Mutagenicity Studies 

[00204] Mutagenicity studies were conducted and included two Ames bacterial reverse 
mutation assays in which the galactomannan of the invention was evaluated by itself in the 
first study and combined with 5-FU in the second study. The test articles in both studies 
were evaluated in bacterial assays using Salmonella typhimurium strains TA97a, TA98, 
TAIOO, TA1535 and Escherichia coli strain WP2 uvrA (pKMlOl), both in the presence and 
absence of an exogenous metabolic activation system. No evidence of mutagenic activity 
was detected in either of die two studies. 

[00205] In summary, in vivo pharmacology studies conducted to date indicate that the 
galactomannan of the invention enhances the antineoplastic effects of 5-FU. The 
galactomannan is not mutagenic, either by itself or combined with 5-FU, in bacterial reverse 
mutation assays. Toxicity studies in mice, rats and dogs have shown the galactomannan to 
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have a very low potential for toxicity and a capacity for ameliorating some of the toxic side 
effects of 5-FU. 

[00206] Single IV doses of 1 12 mg/kg (336 mg/m2) of (((1,4)- linked P-D- 
mannopyranose)17 - ((l,6)-linked-p-D- galactopyranose)10 )12) or 417/222 mg/kg 
(1251/666 mg/m2) 5-FU/(((l,4)- linked p-D-mannopyranose )17 - ((l,6Hinked-P-D- 
galactopyranose)10 )12) produced no clinical signs of toxicity, death or decreased weight 
gain, while 409 mg/kg (1227 mg/m2) 5-FU caused death in 3/5 mice after 13-16 days. 

[00207] In rats, single IV doses of 140 mg/kg (840 mg/m2) 5-FU, 72 mg/kg (432 mg/m2) 
(((1,4)- linked p-D-mannopyranose )17 - ((l,6)-linked-p-D- galactopyranose)10 )12) or 
140/72 mg/kg of the combination produced no deatiis in any of tiie groups. Toxic changes 
in body weight, feed consumption, and hematology were less severe in the rats injected with 
die combination, versus those injected with 5-FU alone. (((1,4)- linked P-D- 
mannopyranose )17 - ((l,6)-linked-p-D- galactopyranose)10 )12) alone produced no 
significant untoward effects. 

Example 11 

Effect of Galactomannan on Chemotherapy Proteins 

[00208] Cytokines and chemokines have been shown, in in vitro studies, to promote cancer 
cells susceptibility to destruction by the inmiune response. (Cytokines and chemokines are 
well known to those skilled in the art and a list of such can be found in any modem 
biology/medicine text). In few cases it has been shown that cytokines directly inhibit tumor 
cell growth. Cytokines function as messengers of the inraiune system by regulating the 
intensity and duration of the immune response by exerting a variety of effects on 
lymphocytes and other immune cells. Cytokines also control cellular proliferation and 
differentiation. In the USA, tiie Food and Drug Administration (FDA) has akeady 
approved the use of two cytokines-IL-2 and a-interferon for treatment of cancer. 

[00209] It has been demonstrated that IL-2 has biological activity against renal cell disease, 
melanoma, lymphoma, and leukemia. Interferon has been effective against these cancers as 
well as against Kaposi^s sarcoma, chronic myelogenous leukemia, and hairy cell leukemia. 

[00210] However, there have been delivery problems and stability in the blood with 
deleterious side effects due to cytokine treatments. Pegilation has been used to slightly 
improve the pharmaceutical effectiveness of interferon, but still consider to be toxic. 
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[0021 1] The Effect of galactomannan on chemotherapy drugs has been also shown in with 
these proteinous chemotherapeutics, e.g., cytokine. In the following study, a combination 
of IL-12 (10 jxg/kg) and IL-12 (40 mg/kg) alone or in combination with galactomannan (120 
mg/kg) were used to treat a mice model implanted with human colon tumor HT-29. The IV 
injections started once tumor size reached 110 mg and were repeated 4 times at 4 days 
interval, the result one week after the last injection (day 26) already showed a significant 
improvement in inhibition of tumor growth was achieved. 
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